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(54) ABSOLUTE VEHICLE SPEED ESTIMATING APPARATUS AND ANTILOCK BRAKE SYSTEM 

(57)Abstract: 

PURPOSE: To improve controllability of an antilock brake system 
(ABS) by calculating a phase delay between front and rear wheels 
from a relative displacement of the front and rear wheels, obtaining 
an absolute vehicle speed of a vehicle from the phase delay, and 
using the speed as for controlling a brake force of the ABS. 
CONSTITUTION: Height sensors 1a-1d are mounted between four 
wheels of front and rear wheels and a body to measure distance 
between the wheels and the body. After initializing, a front wheel 
side input F (T) and a rear wheel side input R (T) of the sensors 
1a-1d are read. Then, After input signals F (T), R (T) are 
processed by an FFT, a phase delay „ is obtained by a formula TRF 
(T, T-„)=E [R (T).F (T-J] (where E [ ] is obtained by a statistical 
average by mutual correlation RRF, an absolute vehicle speed VAB 
is calculated by a formula VAB = L/„ (where L is a wheel base of a 
vehicle, and output from an interface circuit 1 1. An output of the 
speed VAB is received by a CPU of the ABS to check an 
estimated body speed V0, a reference of a slip rate is accurately 
formed, and an accuracy of controlling a brake force is improved. 
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CLAIMS 

[Claim(s)] 

[Claim 1] Absolute vehicle speed presumption equipment characterized by having 
computed the phase lag between order rings from the relative displacement of a ring 
before and after being detected by a detection means to detect the relative 
displacement or relative velocity between the bottoms of a car spring top and a spring, 
and this detection means, or the cross-correlation between relative velocity, and 
having an absolute vehicle speed calculation means of a car to compute the vehicle 
speed absolutely, based on the phase lag. 

[Claim 2] A detection means to detect the relative displacement or relative velocity 
between the bottoms of a car spring top and a spring, The phase lag between order 
rings is computed from the relative displacement of a ring before and after being 
detected by this detection means, or the cross-correlation between relative velocity, 
and it is based on the phase lag. An absolute vehicle speed calculation means of a car 
to compute the vehicle speed absolutely, Anti-lock brake equipment characterized by 
having the control means which performs damping force control for preventing the 
wheel lock at the time of braking based on the absolute vehicle speed computed by 
this absolute vehicle speed calculation means. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention prevents the wheel lock at the time of braking 
using the absolute vehicle speed presumption equipment which presumes the 
absolute velocity of a car, and its absolute velocity, and it relates to the anti-lock 
brake equipment which shortens a brake stopping distance, securing braking stability. 
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[0002] 

[Description of the Prior Art] Preventing the wheel lock at the time of braking on the 
road surface on which it is easy to slide, and securing braking stability, in the antHock 
brake equipment (ABS) which shortens a brake stopping distance, by detecting 
whenever [ wheel speed / of four flowers ], whenever [ under ABS control / 
car-body-speed ] is presumed as whenever [ maximum wheel speed / of four 
polders ], and whenever [ wheel speed ] is controlled by the conventional control to 
the slip ratio of criteria to this. 

[0003] For this reason, especially on a low mu way, the collapse (generating degree of 
a slip) of whenever [ wheel speed ] becomes large, and there are many conditions that 
the slip is generated in all four flowers, and it is easy to produce a gap in whenever 
[ presumed car-body-speed ], and whenever [ real car-body-speed ]. Consequently, 
there is a problem that ABS control comes to be coarse. 
[0004] Then, this invention aims at raising the controllability of anti-lock brake 
equipment offer of the absolute vehicle speed presumption equipment which 
presumes the absolute velocity of a car with a sufficient precision, and by using for 
the damping force control in ABS the absolute vehicle speed obtained by the absolute 
vehicle speed presumption equipment 
[0005] 

[Means for Solving the Problem] This invention made in order to attain the 
above-mentioned purpose absolutely vehicle speed presumption equipment A 
detection means to detect the relative displacement or relative velocity between the 
bottoms of a car spring top and a spring, The phase lag between order rings is 
computed from the relative displacement of a ring before and after being detected by 
this detection means, or the cross-correlation between relative velocity, and it is 
characterized by having an absolute vehicle speed calculation means of a car to 
compute the vehicle speed absolutely, based on the phase lag. 
[0006] Moreover, the anti-lock brake equipment of this invention A detection means 
to detect the relative displacement or relative velocity between the bottoms of a car 
spring top and a spring, The phase lag between order rings is computed from the 
relative displacement of a ring before and after being detected by this detection 
means, or the cross-correlation between relative velocity, and it is based on the 
phase lag. An absolute vehicle speed calculation means of a car to compute the 
vehicle speed absolutely, It is characterized by having the control means which 
performs damping force control for preventing the wheel lock at the time of braking 
based on the absolute vehicle speed computed by this absolute vehicle speed 
calculation means. 
[0007] 



[Function] Absolutely, according to vehicle speed presumption equipment, a detection 
means detects the relative displacement or relative velocity between the bottoms of a 
car spring top and a spring, and a vehicle speed calculation means computes the 
phase lag between order rings from the relative displacement of a ring before and 
after [ the above-mentioned configuration ] being detected by the detection means, 
or the cross-correlation between relative velocity, and computes the absolute 
velocity of a car based on the phase lag. 

[0008] Here, it explains, referring to drawing 1 about the principle which computes 
phase lag from a cross-correlation and computes the vehicle speed absolutely. As 
shown in drawing 1 (A), suppose that it is running the road surface (a configuration is 
arbitration) which is the vehicle speed VAB with a car. The relative displacement 
between the bottoms of a spring top and a spring of the order ring in that case is 
detectable by for example, a height sensor etc. In front height sensor input F(T) rear 
height sensor input R (T), the effect of a road surface configuration is included as a 
high frequency component, and, generally it is not based on a road surface 
configuration, but the relation of R(T) =F (T-tau) is materialized to phase lag tau (refer 
to drawing 1 (B)). 

[0009] Therefore, the vehicle speed VAB becomes like the following (1) types 
absolutely using the wheel base L of the car which is a known value. 
VAB=L/tau — (1) 

Therefore, if it asks for height sensor input [ of an order ring ] F (T), and R (T) to 
phase lag tau. the vehicle speed VAB can be presumed absolutely. And in calculation 
of the phase lag tau. after carrying out FFT processing of height sensor input [ of an 
order ring ] F (T). and the R (T), for example, it is good to ask from the 
cross-correlation RRF of R (T) and F (T-tau) shown in the following (2) types 
[0010] 

RRF(T, T-tau) =E [R(T) -F (T-tau)] — (2) 

(However, E[ ]: Statistics average) In addition, the relative velocity between the 
bottoms of a spring top and a spring of an order ring is detectable by the 
piezo-electric sensor which used the piezo-electric element. An F1(T) rear 
piezo-electricity sensor input is set to R1 (T) for a front piezo-electricity sensor input, 
and like the above, if it asks for cross-correlation RR1F1 to phase lag tau of R1 (T) 
and F1 (T-tau). the vehicle speed VAB can be absolutely presumed by the above (1). 
[0011] Moreover, the anti-lock brake equipment of this invention performs damping 
force control for a control means to prevent the wheel lock at the time of braking 
based on the absolute vehicle speed computed in this way. Since it is based on the 
absolute vehicle speed computed with a sufficient precision, the criteria of the slip 
ratio in ABS control can be set up correctly, and since it becomes possible to control 
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whenever [ wheel speed ] in a proper slip region, prevention of the excess of a slip and 

an early lock etc. can raise controllability ability. 

[0012] 

[Example] The example of this invention is explained below. First, based on said 
absolute vehicle speed presumption principle (finishing [ explanation ] with reference 
to ), the 1st example of vehicle speed presumption equipment is explained 

absolutely. **** 1 example is the case where a height sensor is used. 
[0013] As shown in drawing 2 , the height sensors 1a-1d are attached between the 
wheels 101a-101d of four order rings, and the body 102, and measure the distance of 
each wheels 101a-101d and the body 102. Moreover, as shown in drawing 3 f it has the 
control unit 10, and it consists of microcomputers which have an interface circuitry 11, 
a processing unit 1 3, and storage 1 5 at least. The signal from the height sensors 
1a-1d is supplied to the input side of an interface circuitry 11, respectively, and the 
result of an operation S by absolute vehicle speed presumption data processing 
mentioned later (VAB) is outputted from the output side. 

[0014] Next, absolute vehicle speed presumption data processing in **** 1 example is 
explained with reference to the flow chart of drawing 4 . After carrying out initial 
setting at step 100, height sensors [ 1a-1d ] input signal F (T) and R (T) (however, F 
(T) takes as the input by the side of a front wheel, and R (T) is taken as the input by 
the side of a rear wheel.) are read at step 110. Then, after applying FFT processing to 
input signal F (T) and R (T) at step 1 20, phase lag tau is computed by 
Cross-correlation RFR (see the above-mentioned (2) types) at step 1 30. 
[0015] And at step 140, based on the above-mentioned (1) formula, VAB is calculated 
whenever [ car-body-speed ], this is outputted at step 150, and it repeats from 
reading of a return sensor signal to step 1 10 again. The computer side of ABS wins 
popularity so that it may mention later, for example, and the output of this absolute 
vehicle speed VAB is Vo whenever [ presumed car-body-speed ]. It contributes to 
the improvement in precision of an oil pressure control etc. by authorizing and 
creating the criteria of slip ratio correctly. 

[0016] Next, the 2nd example of vehicle speed presumption equipment is explained 
absolutely. Although the 1st example of the above explained the example which used 
the height sensors 1a-1d, **** 2 example explains the case where the piezo-electric 
sensor which used the piezo-electric element etc. is carried, it is shown in drawing 5 
— as — the piezo-electric sensors 3a-3d — the wheel 101 of four order rings — it is 
attached in the absorber rods 103a-103d of the shock absorber which was alike, 
respectively and was prepared by corresponding a-101d, and is for measuring the rate 
of change of a damping force. Moreover, it has the control unit 20 shown in drawing 6 
like the 1st example of the above, and consists of microcomputers which have an 
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be found as VAB=L/tau and phase lag tau as well as the above carries out FFT 
processing of each input F1 (T) and R1 (T) 
[0018] 

RR1F1(T, T-tau) =E [R1 (T) and Fl (T-tau)] 

In addition. since the procedure of vehicle speed presumption data processing is the 
same as that of the fiow chart in the ,s t example ofthe above absolutely, 
« not .van repeatedly. As mentioned above, it becomes app,icab,e to ABS coZ 
*. Pom shown Mow by [ of a car ] the vehicle speed VAB being detectable 
absolutely four flowers or approximately using the height sensors 1a-,d per flower or 
piezo-electric sensors [ 3a-3d ] output 

[0019] First by the conventional confrol. it is whenever [ wheel speed / of four 
flowers ] (whenever [ right-front-wheehsp^ ] is set to VFR, and VRR and a left rear 
nng rate are set [ whenever / left-front-^eel-speed ] to VRL for VFL and a rign 

ZZ ^ f °"° Wi T ~ ** ' BV I — ABS 

control / car-body-speed ] is presumed as whenever [ maximum wheel speed / of 

four polders ]. and whenever [ wheel speed ] is controlled to the slip ratio of criteria to 
!ondl F T T T °" *• bK ~ "*> ^ -w 

I r n w there are ™ ny —■"» ** *• * ■« 

generated ,n a„ four flowers since depression (generating degree of a slip) of 
whenever [wheel speed] is large, and it is Vo whenever [ presumed car-b dy-speed ] 

1772 r U ° e 3 gaP Kh [ ^ ~**-P- 1 (Absolutely vel e 
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whenever [ car-body-speed ]. 

[0021] On the other hand, in this example, since the criteria of the slip ratio of exact 
ABS are acquired by [ of a car ] the vehicle speed VAB being correctly detectable 
absolutely as mentioned above, the oil pressure control precision of ABS improves 
sharply. That is. it is Vo whenever [ presumed car-body-speed / which the computer 
of ABS had obtained from whenever / wheel speed / of four flowers / in response to 
the output of the absolute vehicle speed VAB obtained by the operation of the height 
sensors 1a-1d or piezo-electric sensors / 3a-3d / signal ]. It authorizes and the 
amendment and the precision rise of whenever [ car-body-speed ] can be carried out. 
[0022] Consequently, exact criteria can be acquired for what had set up the criteria of 
slip ratio to whenever [ inaccurate car-body-speed ] to the former, and it becomes 
controllable about whenever [ wheel speed / of four flowers ] in a proper slip region. 
For this reason, also in ABS control on the low mu way (hardened snow condition) 
shown in drawing 8 (A), target slip control can be performed also on the super-low mu 
way (Hikami) shown in drawing 8 (B). and the excess of a slip and an early lock can be 
prevented. 

[0023] In addition, the example of a configuration at the time of using a height sensor 
is shown in drawing 9 as a system configuration for attaining this ABS control. The 
ABS controllability in a low mu way can be improved especially sharply, without almost 
carrying out a cost rise to the usual ABS system by taking in the signaling information 
of the height sensor (or piezo sensor of a piezo type electronics control suspension) 
of a standard equipment to an air suspension. In addition, since the signal of four 
flowers is detected and there is redundancy of two or more lines, dependability is 
securable. 
[0024] 

[Effect of the Invention] As explained above, this invention absolutely vehicle speed 
presumption equipment In order to compute the phase lag between order rings from 
the cross-correlation between order rings of the relative displacement between the 
bottoms of a car spring top and a spring, or relative velocity and to compute the 
absolute velocity of a car based on the phase lag, Moreover it can presume the 
absolute velocity of a car with a sufficient precision, this invention anti-lock brake 
equipment In this way, since damping force control is performed based on the 
computed absolute vehicle speed, the criteria of the slip ratio in ABS control can be 
set up correctly, and since it becomes possible to control whenever [ wheel speed ] in 
a proper slip region, prevention of the excess of a slip and an early lock etc. can 
realize improvement in controllability ability. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawin * 11 lt is an explanatory view for explaining the principle which computes 
phase lag from the relative displacement of an order ring, or the cross-correlation 
between relative velocity, and computes the vehicle speed absolutely. 
[Drawing 2] It is the approximate account Fig. showing the four-flower car model 
equipped with the height sensor. 

[Drawing 3] It is the block diagram showing the 1 st example of vehicle speed 
presumption equipment absolutely. 

[Drawln * 41 11 is the flow chart which shows absolute vehicle speed presumption data 
processing in the 1st example. 

[Drawin * 51 lt is *• sectional ^ew of a shock absorber showing arrangement of a 
piezo-electric sensor. 

[Drawing 61 It is the block diagram showing the 2nd example of vehicle speed 
presumption equipment absolutely. 

[Drawing 7] It is the timing diagram which shows whenever [ by the conventional ABS 
control / wheel speed ] etc., and (A) shows the control result in a low mu way, and (B) 
shows the control result in a super-low mu way. 

[Drawing 8] It is the timing diagram which shows whenever [ by ABS control of this 
example / wheel speed ] etc., and (A) shows the control result in a low mu way. and 
(B) shows the control result in a super-low mu way. 

[Drawing 91 lt is the block dia gram lowing the ABS structure of a system adapting a 
height sensor. 

[Description of Notations] 

1a-1d - Height sensor 3a-3d [ 1 1 21 / 15 25 / 102 - The body. 103a-103d - 
Absorber rod / - A store, lOla-IOId - Wheel / - 13 An interface circuitry, 23 - 
Processing unit ] ~ 10 A piezo-electric sensor. 20 - Control unit 



[Translation done.] 
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